Using the literature review and quantitative analysis, the research on the quality and uncertainty of spatial data have been compared and analysed according to years of publication, authors, document types, WoS categories, and countries. The paper portrayed the development in the field, studied the state and evolution of the most productive and influential journals, conferences, and research institutions. The results showed that remote sensing, computer science, and geography relate mostly to data imperfection and assessment of its uncertainty. This relation is clearly translated into the most productive journals, and conferences proceedings. The top-ranked countries in this field are United States, China, and the United Kingdom.
Introduction

Spatial data quality and uncertaintyoverview of research development
The heterogeneity of the real word, technologies for data acquisition and processing, database management tools and platforms leads to a large amount of duplicated, inconsistent, ambiguous, and incomplete spatial data. Therefore spatial data quality and uncertainty (SDQ&U) is an increasingly important issue in geographical information science with thousands of publications in countless journals, conferences, and books. At the early stage of GIS development (from the 1960s until the mid-1980s), the imperfection of spatial data was mainly expressed as errors in geographical position and topology [1] [2] [3] . In the following years, the development of GIS technology and its use in *Corresponding Author: Elżbieta Bielecka: Military University of Technology Warsaw, Poland; Email: elzbieta.bielecka@wat.edu.pl Elżbieta Burek: Military University of Technology Warsaw, Poland the decision-making process have fostered increasing interest in the quality and uncertainty research [4, 5] . Issues of quality and uncertainty of spatial data have become even more important because data imperfections propagated through spatial analysis affect the decision-making process. Recently, researchers have focused their scientific attention on uncertainty modelling and the final impact of data imperfection on the spatiotemporal analysis [6] . Moreover, since 2004 data delivered by volunteers (crowdsourcing data) have become the subject of extensive research. These studies have a broader context, analysing not only different types of errors but also the behaviour of volunteers expressed in form of their mapping activity in a given area e.g.: [7] [8] [9] [10] [11] [12] .
Although the concepts of uncertainty in spatial data and spatial data quality are similar, the standards have evolved only for the latter. The quality of data is understood as 'degree to which a set of inherent characteristics fulfils requirements' [13] with respect to the immanent attributes related to the geospatial nature of the data, like positional accuracy or spatial resolution. This definition was further adapted in ISO 19100 series for geographical information, e.g. ISO 19101-:2002 Geographic information -Reference model [14] , ISO 19157:2013 Data quality [15] and ISO/TS 19158:2012 Quality as assurance of data supply [16] . Uncertainty expressed as a 'parameter, associated with the result of a measurement that characterises the dispersion of the values that could reasonably be attributed to the measured' was defined in the International vocabulary of metrology -Basic and general concepts and associated terms (VIM) -ISO/IEC Guide 99:2007 [17] . However, the issue how to evaluate and describe data uncertainty still remains open.
Many international organisations include theory of quality and uncertainty of spatial data in their research programmes. The International Cartographic Association (ICA) research agenda focuses on visualization of data quality in general, and spatially varying quality in particular [20] . The International Federation of Surveyors (FIG) deals with the quality of data as part of the work of the Commission III Spatial Information Management in the field of establishing data-quality-standards relevant to spatial information management in cooperation with international spatial data standard committees [21] . Great interest in data quality and uncertainty is also visible in the International Society of Photogrammetry and Remote Sensing (ISPRS) program, where several Commissions deal with this issue, including problems related to quality and uncertainty modelling as well as the semantic modelling and linking of ontologies. ISPRS-WII/4 working group has recently introduced the new term 'trust in spatial data' [6] , which refers to the level of matching realworld phenomena with their abstraction in a database. Data quality and data usability are a priority in the Association of Geographic Information Laboratories in Europe (AGILE) scientific programme [22] with the number of papers on spatial data quality growing consistently [23] . Regardless of the conferences organized by the aforementioned associations (e.g. International Symposium on Spatial Data Quality (ISSDQ) or International Workshop on Spatial Data Quality), several national seminars and conferences on data quality issues take place every year. Furthermore, SDQ sessions are arranged within the framework of most conferences related to geographic information, spatial data infrastructure, data analysis, and management.
The steady rise of SDQ&U research results in a large and growing number of publications. Analysis of these publications is possible thanks to bibliometrics, i.e. a statistical analysis of publications.
Bibliometrics
The term 'bibliométrie' was coined by the Belgian businessman Paul Otlet in 1934 and defined as 'the measurement of all aspects related to the publication and reading of books and documents' [24] . Thirty-five years later, the term was popularised by Pritchard in the publication entitled "Statistical Bibliography or Bibliometrics" [25] .
Although there are numerous bibliometric databases, the most commonly used ones are: Web of Science (WoS), Scopus and Google scholar [26] [27] [28] [29] . Web of Science, owned by Clarivate Analytics (previously by Thomson Reuters), has been the foremost important source of analysing bibliometrics as it has a world-wide and multidisciplinary coverage of refereed journals (approximately 10,000). As stated by Bar-Ilan [29] , until 2004, the Science Citation Index Expanded (SCIE), the Social Science Citation Index (SSCI) and the Arts and Humanities Index databases, available together by using the WoS, were the only exhaustive sources of data citation. An alternative to WoS is Scopus developed by Elsevier. It indexes more than 15,000 refereed journals, but its reference lists have been indexed consistently only since 1996. Both databases belong to commercial providers and require an access fee. They vary in terms of the covered period: WoS has been archiving publications since 1900, while Scopussince 1966. WoS and Sopus have been dominant among the academic society, mainly through the annual release of the journal impact factor, an essential tool that evaluates the significance and scientific position of a given publication. On the other hand, Google Scholar, developed by Google Inc., is freely accessible. This database indexes most of scientific literature available on the Web, e.g.: books, preprints, journals, reports, books of abstracts, as well as files from digital archives. There is a debate in academic community on whether Google Scholar might become an alternative to the commercial citation databases as a source for evaluating studies, primarily due to the unknown quality of the resources indexed and overall policy [26] [27] [28] [29] [30] .
Bibliometrics is perceived as an effective tool for analysing and monitoring scientific achievements and research trends in numerous disciplines of science, technology, and humanities. An essential component of bibliometrics is citation analysis, as it is used to indicate the impact of publications and expresses the significance of the obtained results for other, later studies. Garfield [32] enumerated fifteen reasons why scientists refer to existing publications. Among them giving credit to pioneers and peers, providing background for methodology, as well as correcting own work and the work of others are of utmost importance. However, many researchers criticised citation analysis and demonstrated its limitations. The main drawbacks, as found by Smith [33] , are: (1) only a small part of what is read is cited; (2) not all the best publication in specific fields are easily accessible; (3) impact is not equivalent with quality, because papers could be referred to for reasons irrelevant to their merit; (4) bibliographic coupling and self-citations. Recently, the popularity of bibliometric mapping of science has increased [34] . It comprises a set of methods to create an overview and to depict the development of a given research field.
While many bibliometric studies have been carried out in disciplines dealing with spatial data including remote sensing [35, 36] , GIS [37] and GISciences in general [38] the issues of spatial data quality and uncertainty have been broadly summarised only during a panel discussion that took place at the Sixth International Symposium on Spatial Data Quality (ISSDQ), held in Canada, in July 2009 [18] .
This paper aims to provide a statistical overview of spatial data quality studies by bibliometric analysis of publications indexed in WoS from 1990 until the 23 rd of May 2018. WoS was selected after an in depth literature review. This decision was supported by the following reasons: multidisciplinary i.e. wide and exhaustive indexing of the journals, books, and proceedings, the time span (since 1990), as well as a warranty of high quality of indexed publications [26, 29, 31, 39, 40] .
We reveal the patterns and trends of scientific publications, geographical distribution, as well as the most productive journals and authors along with the most cited papers. The research output and impact in specific fields of research was also determined. The analysis provides several insights which may aid researchers, data providers, and public administration in understanding the development of the field. The next section (section 2) provides a description of methods and data used. Then the results are presented and discussed in sections 3 and 4. The paper ends with a brief concluding section.
Methods and Data
Data on papers addressing spatial data quality issues have been retrieved from the Web of Science (WoS) Core Collection with use of the online search application. The following query: 'spatial data' quality OR 'spatial data' uncertainty OR geodata quality OR geodata uncertainty OR 'geographic data' quality OR 'geographic data' uncertainty OR 'geospatial data' quality OR 'geospatial data' uncertainty was used to extract the relevant papers. Data were collected on the 23 rd of May 2018. Phrases 'spatial data', 'geographical data', 'geospatial data', and 'geodata' were used to cover all cultural differences in defining data related to a geographic location i.e. location on the Earth. They are considered synonyms and are most often used interchangeably as stated by [41] . The WoS was searched through the general search interface, including such fields as: author(s), author identifier, title, abstract, keywords, keywords plus, publication name, document type, publication year, addresses, organization-enhanced, conference. The study consisted of two consecutive stages, namely: pre-processing and analyses. The pre-processing stage includes data cleaning and data sorting. Data cleaning comprises mainly checking authors with the same surname and different initials, e.g.: SHI W, who also published as: SHI WEI, SHI WZ, SHI WENZHONG, SHI WEN ZHONG, SHI W Z, or SHI WEN. Finally, to facilitate further analysis, publications of authors with different initials were merged. The cleaned data were then sorted by: years, authors, organisations, document types, times cited, and other bibliographic details. This enabled us to conduct further anal-yses of SDQ&C publications patterns and trends. The analysis embraces: (1) general publication output and citation analysis from 1990 to 2018; (2) data screening to find some most cited papers and prominent authors, which allowed us to show key research topics as well as problems that remain unresolved in the field of SDQ&U studies;
(3) focusing on research categories, journals and conferences to portray the scientific disciplines in which research on the spatial data quality is of utmost importance. Furthermore, exploration of titles, abstracts, and keywords showed some regional diversity in defining concepts related to spatial data imperfection. In particular, the following aspects were investigated to present the state and reveal the trends in research on spatial data quality and uncertainty.
1. Publication output and citation analysis -by using essential sciences indicators, e.g. total number of publication (TP), total number of citations (TC), average number of citation per publication (CPP) as defined in INCites Indicator Handbook [40] . 2. Inequalities within subject categories, journals, conferences, and books expressed by the number of publications (TP), coefficient of dispersion (cv), Lorentz curve, and Gini index. 3. Focus on the most productive journals (journal impact factor -IF, NP), authors (h index, NP, TC), and highly cited papers. 4. Productiveness of countries and institutions conveyed by the strength coefficient (s ij ) and shown as a co-operation network. 5. Key words analysis, particularly co-occurrence between terms expressed by the strength coefficient (s ij ) and the number of uses in the 5-year window.
Data were collected on the 23 rd of May 2018. Phrases 'spatial data', 'geographical data', 'geospatial data', and 'geodata' were used to cover all cultural differences in defining data related to a geographic location i.e. location on the Earth. They are considered synonyms and are most often used interchangeably as stated by [41] .
The coefficient of dispersion (cv) is a measure used to quantify whether a set of observed occurrences are clustered or dispersed as compared to a standard statistical model. It is expressed as the variance (σ 2 ) divided by the mean:
The coefficient of dispersion (cv) is equal to 1 for a random or Poisson distribution, while cv > 1 indicates under-dispersion or aggregation, and cv < 1 shows overdispersion or an even distribution.
The Lorenz curve is generally used to represent economic inequality, mainly income or wealth, although it could also be used to denote unequal distribution in any system, e.g.: the number of publication in journals, conference proceedings, or science categories. The Lorenz curve is a function of the cumulative proportion of ordered publication counts mapped onto the corresponding cumulative proportion of their number from 1990 till the 23 rd of May 2018. The curve is expressed as:
where F(x) is the cumulative distribution function of ordered individuals and µ is the average size. The Gini index (Eq. 3), which is derived from the Lorenz Curve, was used as an indicator of output inequalities in WoS research categories, journals and conference proceedings. It ranges from 0 for perfect equality (the same number of publications are assigned to every subject category, journal or conference proceeding) to 1 for perfect inequalities.
where: n -number of WoS research categories (or journals or conference proceedings), x ′ i -number of publications in a WoS research category (or journal or conference proceeding) in ascending order
n and µ -mean value. The co-coupling analysis of counties, institutions, authors and words based on the association of strength coefficient s ij , which was described in detail in van Eck and Waltman [42] :
where: c ij -the number of links (e.g., co-occurrence links, co-citation, bibliographic coupling) between nodes i and j (c ij = c ji ≥ 0); c i -the number of links of node i; m -the total number of links in the network. The contributions of countries and institutions were investigated by the affiliation of authors'. No collaboration was noticed where the authors of a publication were affiliated at the same institution. National collaboration was designated to authors from the same countries, but different institutions, while international collaboration was assigned to those who published with researchers from at least two countries.
Authors' key words and key words plus were used to analyse the co-wording. Key words plus were added by Thomson Reuters editors to highlight additional relevant but unnoticed key words that were not listed in a publication.
The networks of institutions, authors, and key words were elaborated via VOSviewer, the software tool developed by van Eck and Waltman [42, 43] . The importance of institutions, authors, and key words was expressed in form of the size of circles and labels. This importance was measured by total link strength (s ij ), an attribute that indicates the total strength of a given institution/ author/ key word with other institutions/ authors/ key words, respectively. The colour designates the cluster, while the lines represent the links. The distance between a cluster and items belonging to the cluster shows the relatedness of the institutions/ authors / key words to each other [44] .
Results
Publication outputs
The total number of publications (TP) on spatial data quality and uncertainty from 1990 till May 23 2018 equals 2,090, till the end of 2017 -2,069. Only one paper related to SDQ&U was published in 1990, a year later -as many as 6 papers. During the last decade of the 20 th century the total number of publication grew to 155, at the end of the first decade of the 21 st century it rose 6-fold, and in the beginning of 2018 (23 May) proceedings papers (34.1%), book chapters (3.2%), and reviews (2.1%). The remaining 1.2% were editorial materials; book reviews, books (as many as 5), and meeting abstracts. The average article length varied slightly with the coefficient of dispersion equal to cv = 0.172. A typical publication had approximately 12 pages (RMS=0.38) and was written by 3 authors affiliated to 2 or 3 countries.
The publications on SDQ&U were cited 22,737 times by 20,352 articles. The rate of self-citations was just 4.4%. The average number of references per article (excluding self-citations) was 10.60, and it fluctuated moderately with the coefficient of dispersion cv = 0.53. As many as 781 publications (35.5%) were not cited, while 223 (which is 10%) were referred to only once. The percent of publica-tions that were quoted at least 10 times slightly exceeds 25. Only 37 scientific papers were cited at least 100 times. The distinct growth in the number of publications and the citations shows the steady increase and communication in the SDQ&U research during the past three decades ( Table 1) . The correlation between the number of authors who conducted research on SDQ&U and the number of journals is significant, Pearson's r=0.989.
Moreover, a strong positive correlation was found between the annual total number of publications and the cumulative references count. On the other hand, cited references per publication are characterized by a moderate, negative correlation with the number of publications and the total count of references, and a strong negative corre- lation with the time that passed between the publication year and the year of our analysis ( Table 2 ). The first paper indexed in WoS, entitled "Generation of Project Base Maps Using US geodata for the National Water-Quality Assessment Program", was written by Mladinich [45] , and published in Technical Papers of 1990 ACSM-ASPRS Annual Convention, vol 2: Cartography. This article has not been cited yet. The first cited articles were published a year later, in 1991. Since May 2018 they were cited 313 times without self-citation, with an average number of 62.6 citations per item.
Subject categories, journals and conferences
Global research on spatial data quality and uncertainty spanned over 145 WoS research categories, which accounts for 41.4% of all research areas. For 27 categories, the number of publications was one, and for the next 14 only two publications. The median of the number of publications in the WoS categories equals 7, while the mean value -32.15. 90% of publications on SDQ&U fall into WoS categories. This diversification is best reflected by Lorentz curve and Gini coefficient ( Figure 2 ). The blue line shows the distribution of publication output among the WoS categories from 1990 till the 23 rd of May 2018, while the thin, grey line at the 45 ∘ angle presents perfectly equal distribution of publications. The further away from the diagonal (e.g.: Geosciences Multidisciplinary, Geography, Computer Science Interdisciplinary Applications, and Imaging Science Photographic Technology), the more unequal is the distribution. Remote Sensing accounted for 18.8% of all publications (402 papers), with an exponential increase in the number of publications in 5-year windows. The next most productive WoS category -Computer Science Information Systems was attributed to 17.5% papers, and until the year 2010 the number of these publications has grown steadily. In the second decade (2011-2018), the number of publications in this category fell by almost 50%. Geography physical and Geography comprised 10.9% and 17.0% output, re- SDQ&U research works were published in 832 SCI indexed journals in the years 1990-2018 (May). There is a significant concentration of articles in 17 journals, which take 98% of all publications on SDQ&U (Table 3 ). This large dispersion is visible on the Lorenz curve ( Figure 2b) , and also confirmed by a high value of the coefficient of dispersion cv = 1.82.
The International Journal of Geographical Information Science published the most, i.e. as many as 75 articles on SDQ&U, which constitutes 3.6% of the total output. It is followed by ISPRS International Journal of Geo-Information (24 papers, 1.5%), Environmental Mod- Articles published in 17 top journals were cited 18.70 times on the average, achieving a considerable influence on further research. The most frequently cited paper with an average annual number of citations amounting to 32.89 is entitled "Crowdsourcing geographic information for disaster response: a research frontier", and it was published in 2010 in International Journal of Digital Earth. The article was written by Goodchild, M. F. and Glennon, J. A. from University of California Santa Barbara, USA, and since 21 May 2018 it has been cited 289 times.
Research works on SDQ&U were presented at 448 international conferences, with the average number of papers equal to 2.56. The dispersion of the number of papers in conference proceedings measured by Gini coefficient equals 0.64 (Figure 2c ) and is lower than WoS categories and journals (Gini -0.56 and 0.41 respectively). The five most productive conference proceedings are presented in Table 4 .
The highly cited conference paper "Resolving conflict in eutherian mammal phylogeny using phylogenomics and the multispecies coalescent mode" written by Song Sen, Liu Liang; Edwards Scott V. and Wu Shaoyuan was published in 2012 in Proceedings of the National Academy of Sciences of the United States of America. The paper was cited 179 times, while the average number of citations per year equals 26.42. It is a result of co-operation between American and Chinese universities.
The most influential authors
Eight out of 6,053 authors were the most productive and they have made outstanding achievement on SDQ&U research. Among these authors Shi W.Z. from Hong Kong Polytechnic University and Goodchild M.F. from University of California published the largest number (25 and 22) articles, while Gelfand A.E. received the highest citation rate (28.88). Over 87.5% researchers have published just one article, which indicates that quality issues were treated as part of larger projects. The most productive authors in the field have conducted their research at universities in the USA (4 people), Europe (3 people: Netherlands, Spain, Germany), Canada (1), China (1), and Tunisia (1)) (see Table 5 ). Papers related to spatial data quality had the highest percentage share in the publishing output of Beaubouef T. (from Se Louisiana Univ, United States). 10 out of 23 publications indexed in ISI (43%) addressed the SDQ&U issue. For comparison, with Goodchild M.F., who published the most on spatial data quality, this percentage was just over 10% (see Table 5 ). The most productive authors conducted their research in Remote Sensing, Geography physical, and Computer Science.
Only 40 scholars grouped in 7 clusters have worked on spatial data quality in broader national or international networks, which is reflected in the number of common publications equal or greater than 5. The collaborations network of these authors is presented in Figure 4 . The circle size shows the authors' co-operations measured by the number of links between other scholars, while the thickness of lines demonstrates the co-operation strength expressed by the strength coefficient s ij . The distance be- . However, only the authors grouped in the red cluster represented extensive international co-operation (China, the Netherlands, Canada, USA, and the United Kingdom). The quantity of multi-author papers roughly corresponds to the content, accounting for only 14.6% of all publications in the field.
Institutions and countries productiveness and geographic distribution
There were 1,928 research institutions that participated in spatial data quality research, out of which 234 conducted neither national nor international cooperation in the field of spatial data quality. Scholars from the Chinese Academy of Agricultural Sciences and Wuhan University (China) published the most papers related to research on spatial data quality. They are followed by two Australian universities: of Melbourne and Queensland. The TP -total publications in the field; TPj -total articles in JRC indexed journals; TPcp -total papers in WoS indexed conference proceedings;
TC -total citation counts in the field; CPP -average citations per publication; R -rank; R&D -investments on research and development in bilions; TP GISs -total publications in GIScience journals [38] ; TP RS -total publication in remote sensing [35, 36] ; TP AI -total publications in artificial intelligence [46] .
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Network of institutional co-operation ure 6). The first rank belongs to the USA (557 publications), followed by: China, Germany, the UK, Australia, Canada, Italy, the Netherlands, France, and India ( , which shows that they have had low impact on world science so far ( Figure 6 ). On the other hand, scholars from 19 countries have published just one publication, 13 of which have not been referenced till May 2018. Nine countries with two publications were ranked in the 67 th position (21.2 percentile of the output).
In general, a linear growth in the number of publications was observed in the 5-year window starting in 1990 ( Figure 7) . The exceptions are China, Canada and the Netherlands, where after 2009 a slight decrease in the number of publications was visible.
The analysis of previous bibliometric studies concerning publications in GIScience journals (after [38] ), remote sensing (after [35, 36] ), and artificial intelligence (after [46] ) indicates a very strong correlation between these research areas and spatial data quality (R 2 =0.98 and R 2 adjusted amounts 0.96). Moreover, the number of publications is strongly positively correlated with country investment in research and development: the Pearson' r coefficient equals 0.92. This dependence is also underlined by journals and conference proceedings in which scientists mainly publish (see Figure 3 , Tables 3 and 4 ).
Co-words analysis
The word that dominated among 8,327 key words used by authors and key words plus in the research output related to spatial data quality and uncertainty was GIS (Table 7) . It was used 312 times and strongly co-coupled (s ij = 218) with the other frequently used key words (Figure 8) . In relation to papers on SDQ&U, GIS was mainly associated with computing environment as well as data and databases management, much less with analyses and applications. Uncertainty was the second most frequently used word. It appeared 167 times, out of which 120 times in the pub- lication titles (GIS only 68). Uncertainty was mainly collocated with spatial data, information, modelling, assessment, management, and visualization. The term has been used more frequently since 2005, when spatial data users became more aware of the high influence of data uncertainty on the results of spatial analysis. Quality as a key word occurred 116 times (but only 75 times in the titles). Its usage is strongly connected with growing availability of volunteered geographic information, mainly Open-StreetMap (Figure 8 red cluster) .
Key words analysis revealed that they could be clustered in 4 groups. The first group contains such frequently used concepts related to data imperfection as: spatial data quality, completeness, geometry, uncertainty assessment, trust, topological relations. It includes mainly papers on the basic problem of imperfection of spatial data in relation to established standards (national or international) or reference, more reliable data. The second group is focused on uncertainty related to any type of data processing. The concepts underline both raster and vector data analysing, as well as methods of simulation, interpolation, 2018  GIS  297  2419  3  6  22  95  83  90  Uncertainty  167  1575  1  9  8  39  66  47  Spatial data  158  1263  5  4  11  37  50  52  Quality  116  1078  0  0  9  15  33  63  Model  108  973  0  6  10  24  34  35  Management  96  1069  0  1  11  19  34  32  Classification  73  698  1  6  5  14  28  19  Information  72  667  0  3  2  14  30 25 (27), consistency (23), confidence (20) , spatial data uncertainty (21), precision (18) , model uncertainty (14), positional uncertainty (14), inconsistency (9), geometry (7), high quality (7), correction (5 kriging, modeling, data mining, fuzzy set theory, spatial statistics, and interpolation. The third key words group comprises uncertainty co-located with data storage, management, and delivery; while the fourth -applications for which imperfection is pertinent, like: agriculture, forest, land cover/land use, and geology. The key words groups ordered by total link strength (s ij ) coefficient are shown in Table 8 . The co-occurrence of relationships among key words used at least 10 times is shown in Figure 8 . The colour indicates the period when the words were mainly used, while the size is proportional to the occurrence frequency. The lines depict the relationships between the words: the more lines the stronger the connection between the words.
Discussion
Although the study of spatial data imperfection started to appear in the mid-1980s with the widespread availability of GIS, the first WoS indexed paper was published in 1990. In the past years the perception of some issues of SDQ&U has changed, which was described exhaustively by Devillers et al. [18] and Lowel [47] . The trends noticed by GIS researchers [5, 6, 18, 23, 47, 48] have also been revealed in this study. They could be summarized as paradigm shift from location uncertainties of geographical features and phenomena, through fitness for use data evaluation, to uncertainty in decision making. Similar tendencies were ob- served by [35] [36] [37] while analysing the global scientific production in the fields of remote sensing or GIS. They have been highlighted, although not very clearly, by Tong et al. [6] .
The broader summary of SDQ&U research was discussed by Devillers et al. [18] , who focused particularly on the main achievements, failures, and opportunities for future research. More recent studies, from 2000 to 2014, regarding the uncertainty of spatial information, were presented by Tong et al. [6] . However, the purpose and scope, expressed by the research query, as well as the period covered by in their research are clearly different from those presented in this paper. They focused on uncertainty of spatial information and spatial analysis as well as the contribution and position of China in the field. On the other hand, the presented study concerns only research on SDQ&U without pre-defined countries, regions or institutions of special importance.
Some limitation of the research on data imperfection results from semantic inconsistency. Devillers et al. [18] and Fisher [19] noticed that use of the terms 'data quality' and 'data uncertainty' varies largely between countries and communities. This has led to the confusion of readers because the same concepts are named differently, or various concepts are labelled identically. In general, uncertainty describes ambiguous or unknown data, whereas quality underlines the degree of data compliance with the standards used for data acquisition. The problem of semantic plasticity was emphasized by [12, 18, 19, 41, 49] and is clearly noticeable in the previous bibliometric analysis [6, 26, 38] .
The analysis of keyword temporal trajectory for WoS indexed publication on SDQ&U shows more often used terms (see Table 7 ). Some of them, such as: uncertainty, quality, remote sensing, model, and classification are also perceived as most important in global publication analysis on remote sensing [35, 36] , artificial intelligence [46] , and GIS [37] .
The volume of research on SDQ&U is relatively small, especially when compared with papers related to GIS [37] , Key words analysis, which provides important information about research trends, revealed that the term 'quality' was used in the context of data evaluation (e.g. completeness and positional accuracy), mainly VGI data. Uncertainty, however, was associated with remote sensing and spatial analysis in many environmental applications. Moreover, the research analyzed the relatedness between scale and uncertainty
